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(54) CATALYST FOR OLEFIN POLYMERIZATION AND PROCESS FOR PRODUCING OLEFIN 
POLYMER WITH THE CATALYST 

(57) A catalyst which comprises a compound of a 
transition metal in Groups 8 to 10 of the Periodic Table 
having a nitrogenous tridentate ligand, a clay, clay min- 
eral, or lamellar ion-exchanging compound, an orga- 
nosilane compound, an organoaluminium compound, 
etc.; and a process for producing a polyolefin with the 
catalyst. The catalyst is highly active, does not adhere 
to reactor walls, and can give a polyolefin excellent in 
powder morphology. Consequently, a polyolefin (espe- 
cially polyethylene) can be industrially advantageously 
produced. 
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D scription 

TECHNICAL FIELD 

[0001] The present invention relates to catalysts for olefin polymerization and to a method of using the catalysts for 
producing olefin polymers. More precisely, the invention relates to catalysts for olefin polymerization, with which poly- 
olefins, especially polyethylenes are efficiently produced on an industrial scale, and relates to a method of using the cat- 
alysts for producing olefin polymers. 

RAHKGRQUND ART 

[0002] At present, Ziegler catalysts and metallocene catalysts are much used for olefin polymerization, and they 
comprise, as the essential catalyst component, a compound of a metal element belonging to Group 4 of the Periodic 
Table, such as titanium, zirconium, etc. 

[0003] On the other hand, recently, novel catalyst systems that differ from the above have been developed, and they 
comprise a complex of a metal belonging to Groups 8 to 10 of the Periodic Table, such as typically nickel or palladium. 
Heretofore, nickel complexes have been known as oiigomerization catalysts for olefins, but it has been said that they 
are unsuitable to polymer production. 

[0004] Regarding the catalyst systems comprising such a nickel or palladium complex, some techniques have been 
proposed, including, for example, (1) a method of using a catalyst with an Ni(0) complex coordinated with an adduct of 
quinone and a tertiary phosphine for ethylene polymerization (Japanese Patent Publication No. 1796/1993); (2) a cat- 
alyst system comprising an Ni(0) complex, an adduct of maleic anhydride and a tertiary phosphine, a phosphorylide, 
and an organoaluminium compound (Japanese Patent Laid-Open No. 203106/1986); (3) a catalyst system comprising 
an Ni(0) or Ni(ll) complex and an iminophospholane compound (Japanese Patent Laid-Open No. 115311/1991); (4) a 
method of using a borate complex of a metal of Groups 8 to 10 (Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt) coordinated with a 
cis-type chelate ligand for ethylene polymerization (Japanese Patent Laid-Open No. 227608/1992); (5) a catalyst sys- 
tem comprising an Ni(0) complex, an adduct of an imide and a tertiary phosphine, and a phosphine oxide (Japanese 
Patent Laid-Open No. 122721/1994); (6) a catalyst system comprising a combination of a Pd(ll):BF 4 " complex and 
methylaluminoxane (Japanese Patent Laid-Open No. 82314/1995); (7) a catalyst system comprising an Ni(ll) complex, 
an iminophospholane compound and an organoaluminium compound (Japanese Patent Laid-Open No. 277610/1991); 
(8) a catalyst system comprising an Ni(0) or Ni(li) complex and an iminophospholane compound having a bulky substit- 
uent (Japanese Patent Laid-Open No. 25932/1 995); (9) a catalyst system comprising a combination of an Ni(ll):phos- 
phorus:oxygen chelate complex and a linear or cyclic aluminium compound (Japanese Patent Laid-Open No. 
14217/1989), etc. 

[0005] However, the ethylene polymerization method (1) is defective in that it requires an extremely high reaction 
pressure (for example, 100 kg/cm 2 ) and the catalyst activity to give polyethylene therein is extremely low (about 6 kg/g- 
Ni • hr). The catalyst system (2) is also defective in that it is for high-pressure ethylene reaction and it is complicated as 
comprising many different components. In addition, its activity is extremely low (about 1 kg/g-Nt • hr or less). The cata- 
lyst system (3) could be effective even under low reaction pressure, but its activity is extremely low (about 1 kg/g-Ni • hr 
or less). In the ethylene polymerization method (4), the catalyst activity is extremely low (about 0.1 kg/g-Ni • hr or less). 
The activity of the catalyst system (5) is low (about 5 kg/g-Ni • hr). Though comprising a cationic complex, the catalyst 
system (6) requires expensive methylaluminoxane for expressing its activity. In addition, its activity is low (about 3 kg/g- 
Ni • hr or less). The activity of the catalyst systems (7) and (8) is extremely low (about 5 kg/g-Ni • hr or less). The catalyst 
system (9) contains a linear or cyclic organoaluminoxane that serves as a promoter. However, the organoaluminoxane 
is produced through reaction of a trialkylaluminium or dialkylaluminium monochloride with water, and only methylalumi- 
noxane is described in the examples. No description relating to a low-molecular-weight linear or cyclic organoalumini- 
umoxy compound is given in the specification. In addition, the system requires expensive methylaluminoxane. Still 
another drawback of the system is that it requires high reaction pressure, correlating to its activity, but its activity is low 
(for example, about 20 kg/g-Ni • hr or less under a reaction pressure of 30 kg/cm 2 G). 

[0006] Recently, a catalyst system that comprises a combination of a complex of a metal of Groups 8 to 1 0, typically 
such as nickel or palladium, coordinated with a nitrogen-containing ligand such as a diimine or the like, and an orga- 
noaluminium compound such as methylaluminoxane (MAO) or the like, or comprises the nitrogen-containing ligand 
complex combined with an anion species of BF 4 , PF 6 ' , SbF 6 or BAP[tetrakis(3,5-bistrifluoromethylphenyl)borate] has 
been disclosed (International Patent Laid-Open No. 96/23010). For example, disclosed is a catalyst system comprising 
a compound of a formula [1]: 
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wherein R 10 and R 13 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, 
or an aromatic group having from 7 to 20 carbon atoms in total and having a hydrocarbon group on its ring; R 11 and R 12 
each independently represent a hydrogen atom, or a hydrocarbon group having from 1 to 20 carbon atoms; R 11 and 

75 R 12 may be bonded to each other to form a ring; X and Y each independently represent a hydrogen atom, or a hydro- 
carbon group having from 1 to 20 carbon atoms; M represents a transition metal of Groups 8 to 10 of the Periodic Table. 
[0007] The catalyst system has the advantage of extremely high activity in ethylene polymerization, as compared 
with the catalyst systems mentioned above, but can be used only at low temperatures. In addition, the molecular weight 
of the polymers produced with it is low. Therefore, the catalyst system is not as yet practicable. 

20 [0008] Further recently, a catalyst system comprising a nitrogen-containing tridentate ligand complex with iron or 
cobalt has been disclosed (Brookhart et a!., J. Am. Chem. Soc, 199B, 4049; Gibson et al., Chem. Commun, 1998, 
849). For example, it includes a compound of a formula [2]: 



25 
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wherein X and Y each independently represent a hydrogen atom, a halogen atom, or a hydrocarbon group having from 
1 to 20 carbon atoms; M represents a transition metal of Groups 8 to 1 0 of the Periodic Table. 

[0009] The catalyst system has the advantage of extremely high activity in ethylene polymerization (about 400 kg/g- 
50 Ni • hr), as compared with the conventional Group 8 to 1 0 transition metal catalysts mentioned above. However, in order 
to fully express its activity, it requires a large amount of an aluminoxane, especially rnethylaluminoxane. Methylalumi- 
noxane is expensive, and, in addition, it is difficult to handle, its storage stability is poor, and it is extremely dangerous. 
Aluminoxanes must be produced through reaction of a trialkylaluminium or dialkylaluminium monochloride with water, 
and the reaction efficiency for producing them is low. In addition, the catalyst residue must be removed from the poly- 
55 mers produced. Furthermore, still another problem with the polymerization method of using such an aluminoxane is that 
the polymers produced often adhere to reactor walls and will be a bar to safe driving of production equipment 
[001 0] On the other hand, a method of olefin polymerization with a catalyst that comprises one or both of the above- 
mentioned transition metal compound and aluminoxane carried on an inorganic oxide such as silica, alumina or the like, 
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has been proposed (Japanese Patent Laid-Open Nos. 10861 0/1 986, 135408/1985, 296008/1986, 74412/1991, 
7441 5/1 991 , 27271 3/1 997, etc.). Also proposed is a method of olefin polymerization with a catalyst that comprises one 
or both of the transition metal compound and the organoaluminium compound carried on an inorganic oxide such as 
silica, alumina or the like, or on an organic substance (Japanese Patent Laid-Open Nos. 101303/1989, 207303/1989, 

5 234709/1991, 234710/1991, International Patent Publication No. 501869/1991, etc.)- Still proposed is a method of 
using clay minerals for the catalyst component (Japanese Patent Laid-Open No. 301 91 7/1 993, etc.). However, for pre- 
treatment of clay minerals, organoaluminium compounds are indispensable. Further, expensive and dangerous trimeth- 
ylaluminium only is exemplified as the preferred agent for the treatment. Moreover, all the proposed methods are still 
defective in that the catalyst activity per aluminium therein is low and the products contain a large amount of catalyst 

70 residues. Still another drawback of the methods is that the polymers produced are amorphous and their powder mor- 
phology is not good. 

[001 1] The present invention relates to catalysts for olefin polymerization and to a method of using the catalysts for 
producing olefin polymers. More precisely, its object is to provide catalysts for olefin polymerization and a method of 
using the catalysts for producing olefin polymers, of which the advantages are that the catalysts do not require methy- 
ls lalummoxane to be derived from expensive trialkylaluminiums, removing catalyst residues from the polymers produced 
is unnecessary, the amount of the organoaluminium compound to be used is greatly reduced, and olefin polymers, 
especially polyethylenes are efficiently produced on an industrial scale. 

DISCLOSURE OP THE INVENTION 

[0012] We, the present inventors have assiduously studied so as to attain the object as above, and, as a result, 
have found that the object can be attained by polymerizing olefins, especially ethylene, in the presence of a catalyst 
which comprises a transition metal compound of Groups 8 to 10 of the Periodic Table having a specific structure, any 
of clay, a clay mineral or an ion-exchanging layered compound, and an organosilane compound. On the basis of this 
25 finding, we have completed the present invention. 

[0013] Specifically, the invention includes the first and second aspects as in the following description, both providing 
catalysts for olefin polymerization and a method of using the catalysts for producing olefin polymers. 

[First aspect of the invention] 

30 

[0014] 

1 . A catalyst for olefin polymerization, comprising (A) a transition metal compound of the following general formula 
(l-l), which has a nitrogen-containing tridentate iigand and of which the transition metal is of Groups 8 to 10 of the 
35 Periodic Table, (B) clay, a clay mineral or an ion-exchanging layered compound, (C) an organosilane compound, 

(D) an organoaluminium compound and/or (E) an alkylating agent: 




wherein M represents a transition metal of Groups 8 to 1 0 of the Periodic Table; R 1 , R 2 , R 3 and R 4 each independ- 
ently represent a hydrogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, or a cycloarornatic hydro- 
55 carbon group having from 7 to 20 carbon atoms in total; X represents a halogen atom; Y represents a hydrogen 
atom, a halogen atom, or a hydrocarbon group having from 1 to 20 carbon atoms; Z represents a nitrogen -contain- 
ing functional group. 

2. The catalyst for olefin polymerization of above 1 , in which Z in formula (l-l) is represented by the following general 
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formula (l-ll): 



5 



10 




(I-II) 



75 

wherein R 5 and R 6 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon 
atoms, or a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total; n represents 0 or a natural 
number. 

3. The catalyst for olefin polymerization of above 1 , in which Z in formula (l-l) is represented by the following general 
20 formula (l-IM): 



25 



30 




U-III) 



35 wherein R 7 , R 8 and R 9 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon 

atoms, or a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total, and these may be bonded 
to each other to form a ring; n represents 0 or a natural number. 

4. The catalyst for olefin polymerization of any of above 1 to 3, in which the transition metal of Groups 8 to 10 of the 
Periodic Table is iron or cobalt. 
40 5. The catalyst for olefin polymerization of any of above 1 to 4, in which (B) is a phyllosilicate. 

6. The catalyst for olefin polymerization of any of above t to 4, in which (B) is montmorillonite. 

7. The catalyst for olefin polymerization of any of above 1 to 6, in which (C) is an organosilane compound having 
at least one alkyl group directly bonded to the silicon atom. 

8. The catalyst for olefin polymerization of any of above 1 to 7, in which (E) is a trialkylaluminium compound. 

45 9. A method for producing olefin polymers, which comprises polymerizing olefins in the presence of the catalyst for 

olefin polymerization of any of above 1 to 8. 

10. The method for producing olefin polymers of above 9, in which the olefin is ethylene. 
[Second aspect of the invention] 

50 

[0015] 

1. A catalyst for olefin polymerization, comprising (A) a transition metal compound which has a nitrogen-containing 
tridentate ligand and of which the transition metal is of Groups 8 to 1 0 of the Periodic Table, (B) clay, a clay mineral 

55 or an ion-exchanging layered compound and (C) an organosilane compound. 

2. The catalyst for olefin polymerization of above 1, in which the transition metal compound (A) is represented by 
the following general formula (ll-l) 
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wherein M represents a transition metal of Groups 8 to 10 of the Periodic Table; R\ R 2 . R 3 and each independ- 
eml ^P«sent a hydrogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, or a <**»^*^ 
carbon group h-ing from 7 to 20 carbon atoms in total; X and Y each independently represent a hydrogen i atom, 
or a hydrocarbon group having from 1 to 20 carbon atoms; Z represents a nitrogen-contammg functional group. 
3. The catalyst for olefin polymerization of above 2. in which Z in formula (ll-l) is represented by the fo.low.ng gen- 
eral formula (ll-ll): 




(II-ID 



wherein R 5 and R 6 each independently represent an aliphatic hydrocarbon group having from 1 to 2C .carbon 
atomTor a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total; n represents 0 or a natural 

^catalyst for olefin polymerization of above 2. in which Z in formula (l.-l) is represented by the following gen- 
eral formula (ll-lll): 



9 R n (II-IID 

(f)c) 



wherein R 7 R 8 and R 9 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon 
atoms. orVcycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total, and these may be bonded 
tn parh other to form a rinq; n represents 0 or a natural number. 

5 The ^SfyX otefin polymerization of any of above 1 to 4, in which the transttion metal of Groups 8 to 1 0 of the 
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Periodic Table is iron or cobalt. 

6. The catalyst for olefin polymerization of any of above 1 to 5, in which (B) is a phyllosilicate. 

7. The catalyst for olefin polymerization of any of above 1 to 5, in which (B) is montmorillonite. 

8. A method for producing olefin polymers, which comprises polymerizing olefins in the presence of the catalyst for 
5 olefin polymerization of any of above 1 to 7. 

9. The method for producing olefin polymers of above 8, in which the olefin is ethylene. 

BEST MODES OF CARRYING OUT THE INVENTION 
10 [0016] The first and second aspects of the invention are described below with reference to their embodiments. 
[First aspect of the invention] 

[0017] As so mentioned above, the catalyst for olefin polymerization of the first aspect of the invention (in this sec- 
ts tion, the first aspect of the invention will be simply referred to as "the invention") comprises (A) a transition metal com- 
pound of the above-mentioned formula (I), which has a nitrogen-containing tridentate ligand and of which the transition 
metal is of Groups 8 to 1 0 of the Periodic Table, (B) clay, a day mineral or an ion-exchanging layered compound, (C) an 
organosilane compound, (D) an organoaluminium compound and/or (E) an alkylating agent. In the method for produc- 
ing olefin polymers of the invention, the olefin polymerization catalyst is uiad for polymerizing olefins. 
20 [0018] The catalyst for olefin polymerization and the method for producing olefin polymers of the first aspect of the 
invention are described in detail herein under. 

[1 ] Catalyst for olefin polymerization: 

25 (1 ) Transition metal compound (A): 

[0019] The transition metal compound (A) for use in the invention, which has a nitrogen-containing tridentate ligand 
and of which the transition metal is of Groups 8 to 10 of the Periodic Table, is represented by the following general for- 
mula (l-l): 

30 



35 



40 




(I-D 



45 

wherein M represents a transition metal of Groups 8 to 1 0 of the Periodic Table; R 1 , R 2 , R 3 and R 4 each independently 
represent a hydrogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, or a cycloaromatic hydrocarbon 
group having from 7 to 20 carbon atoms in total; X represents a halogen atom; Y represents a hydrogen atom, a halo- 
gen atom, or a hydrocarbon group having from 1 to 20 carbon atoms; Z represents a nitrogen -containing functional 
so group. 

[0020] M represents a transition metal of Groups 8 to 1 0 of the Periodic Table, concretely including Fe, Co, Ni, Ru, 
Rh, Pd, Os, Ir and Pt. Of these, preferred is Fe or Co. 

[0021] R 1 , R 2 , R 3 and R 4 each independently represent a hydrogen atom, a hydrocarbon group having from 1 to 20 
carbon atoms, or a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total. The hydrocarbon group 
55 having from 1 to 20 carbon atoms includes a linear hydrocarbon group having from 1 to 20 carbon atoms, a branched 
hydrocarbon group having from 3 to 20 carbon atoms, and a cycloaliphatic hydrocarbon group having from 3 to 20 car- 
bon atoms. Concretely, it includes a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl 
group, an isobutyl group, a sec-butyl group, a t-butyl group, a pentyl group, a hexyl group, an octyl group, a decyl group, 
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a tetradecyl group, a hexadecyl group, an octadecyl group, a cyciopentyl group, a cyclohexyl group, a cyclooctyl group, 
etc. 

[0022] X represents a halogen atom, and Y represents a hydrogen atom, a halogen atom, or a hydrocarbon group 
having from 1 to 20 carbon atoms. The hydrocarbon group having from 1 to 20 carbon atoms may be the same as that 
5 mentioned above. The halogen atom includes a chlorine atom, a bromine atom, a fluorine atom, and an iodine atom, 
and is preferably a chlorine atom. For the hydrocarbon group having from 1 to 20 carbon atoms, preferred is a methyl 
group. 

[0023] Z is a nitrogen-containing functional group. Preferably, it is represented by the following general formula (l-ll): 



15 




<I-ID 



wherein R 5 and R 6 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, or 
a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total; n represents 0 or a natural number. 
25 [0024] The aliphatic hydrocarbon group having from 1 to 20 carbon atoms and the cycloaromatic hydrocarbon 
group having from 7 to 20 carbon atoms in total for R 5 and R 6 may be the same as the hydrocarbon group having from 
1 to 20 carbon atoms and the cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total mentioned 
hereinabove for R 1 , R 2 , R 3 and R 4 . n indicates 0 or a natural number, but is preferably any of 0, 1 , 2 or 3. 
[0025] Specific examples of the nitrogen-containing compounds of formula (l-ll) are 



30 



35 



40 





CH.r"C H 



CH 2 -CH 2 - 



45 etc. 

[0026] For Z, also preferred is a nitrogen-containing functional group of the following general formula (l-IH): 
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wherein R 7 , R 8 and R 9 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, 
75 or a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total, and these may be bonded to each 
other to form a ring; n represents 0 or a natural number. 

[0027] The aliphatic hydrocarbon group having from 1 to 20 carbon atoms and the cycloaromatic hydrocarbon 
group having from 7 to 20 carbon atoms in total for R 7 , R 8 and R 9 may be the same as the hydrocarbon group having 
from 1 to 20 carbon atoms and the cycloaromatic hydrocarbon group having frcm 7 to 20 carbon atoms in total men- 
20 tioned hereinabove for R 1 , R 2 , R 3 and R 4 . R 7 R 8 and R 9 may be bonded to each other to form a ring. The ring is not 
specifically defined, including, for example, a cyclohexyl skeleton, a cyciopentyl skeleton, etc. n indicates 0 or a natural 
number, but is preferably any of 0, 1 , 2 or 3. 

[0028] Specific examples of the nitrogen-containing compounds of formula (l-lll) are 



■CH 2 -CH 2 - 




CH-N 



CH 2 - 



etc. 

[0029] For 2, especially preferred is the nitrogen-containing functional group of formula (l-ll) having a pyridine skel- 
45 eton. 

[0030] One preferred embodiment of the transition metal compound of formula (I -I) is represented by the following 
general formula (l-IV): 

50 



55 
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15 




(I-IV) 



wherein M represents Fe or Co; X represents a halogen atom; Y represents a hydrogen atom, a halogen atom, o 
hydrocarbon group having from 1 to 20 carbon atoms. 

[0031] Specific examples of the transition metal compound of that type are the following compounds [3] to [1 5]. 
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35 




C3] C4J C5"3 
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CIS ) 



[0032] In the invention, one or more of the transition metal compounds mentioned above may be used, either singly 
or as combined, for the component (A). 



(B) Clay, clay mineral or ion-exchanging layered compound: 

[00331 For the component (B), used is any of clay, clay minerals or ion-exchanging layered compounds. 
[00341 Clay is an aggregate of fine hydrous silicate minerals. It is plastic when kneaded with a suitable amount of 
water, and is rigid when dried. When baked at high temperatures, it is sintered. Clay minerals are hydrous s.l.cates 
which are the essential components constituting clay. 

[0035] These are not limited to only natural ones, but synthetic products of those substances are employable 
hsrsin 

[0036] Ion-exchanging layered compounds are characterized by their crystal structure of such that a plurality of 
crystal planes formed through ionic bonding or the like are laminated in parallel layers via weak bonding force between 
the adjacent layers, in which the ions are exchangeable. Some clay minerals are ion-exchanging layered compounds. 
[0037] For example, phyllosilicic acid compounds belong to clay minerals. Phyllosilicic acid compounds include 
phyllosilicic acid and phyllosilicates. As natural phyllosilicates, known are montmorillonite, saponite and hectonte of the 
smectite family; ill'ite and sericite of the mica fami V; and mixed layer minerals of smectites and micas, or those of micas 
and vermicul'rtes. 

[0038] As synthetic products, known are fluoro-tetrasilicon mica, laponite, smectone, etc. 

[0039] Also mentioned are ionic crystalline compounds having a layered crystal structure, such as a-Zr(HP0 4 ) 2 , y- 
Zr(HP0 4 ) 2 , a-Ti(HP0 4 ) 2 , Y-Ti(HP0 4 ) 2 , etc. These are not clay minerals. 

[0040] Examples of clay and clay minerals which do not belong to ion-exchanging layered compounds and which 
are usable for the component (B) include clay having a low montmorillonite content and referred to as bentonite; kibushi 
clay comprising montmorillonite and many other components; gairome clay; sepiolite and palygorskrte having a fibrous 
morphology; and amorphous or low-crystalline allophane, imogolite, etc. 

[0041] In the invention, the component (B) is contacted with the components (A) and (C), and it is desirable that 
clay, clay minerals'and ion-exchanging layered compounds for the component (B) are chemically treated for the pur- 
pose of removing impurities from them or for modifying their structures and functions. 

[0042] The chemical treatment referred to herein indicates both the surface treatment to remove impurrt.es from 
surfaces and the treatment to modify the crystal structure of clay. Concretely, it includes acid treatment, alkal. treatment, 
salt treatment, organic treatment, etc. 

[0043] The acid treatment is to remove impurities from surfaces, while releasing cations such as aluminium, iron, 
magnesium and the like from crystal structures to thereby enlarge surface areas. The alkali treatment is to destroy the 
crystal structure of clay, thereby modifying the structure of clay. The salt treatment and the organic treatment are to form 
ionic complexes, molecular complexes, organic complexes, etc., whereby surface areas and layer-to-layer spaces may 
be changed. Owing to their ion-exchanging ability, the interlayer exchangeable ions in the compounds may be 
exchanged with any other bulky ions to give layered substances having enlarged interlayer spaces. 
[0044] The substances for the component (B) noted above may be directly used as they are, or, rf desired, addi- 
tional water may be adsorbed onto them, or they may be heated and dehydrated prior to being used. 
[0045] For the component (B), preferred are clay and clay minerals. Most preferred are phyllosilicic acid com- 
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pounds, of which smectite is desirable, and montmorillonite is more desirable. 

(C) Organosilane compound: 

5 [0046] Organosilane compounds for the component (C) in the invention include, for example, trialkylsilyl chlorides 
such as trimethylsilyl chloride, triethylsilyl chloride, triisopropylsilyl chloride, tert-butyldimethylsilyl chloride, tert-butyld- 
iphenylsilyl chloride, phenethyldimethylsilyl chloride, etc.; dialkylsilyl dichlorides such as dimethylsilyt dichloride, diethyl- 
silyl dichloride, diisopropylsilyl dichloride, bisdiphenethylsilyl dichloride, methylphenethylsilyl dichloride, diphenylsilyl 
dichloride, dimethylsilyl dichloride, ditolylsilyl dichloride, etc.; aikylsilyl trichlorides such as methylsilyl trichloride, ethyl- 

10 silyl trichloride, isopropylsilyl trichloride, phenylsilyl trichloride, mesitylsilyl trichloride, tolylsilyl trichloride, phenethyisilyl 
trichloride, etc.; other halides to be derived from the compounds noted above by substituting the chloride moiety with 
any other halogens; silylamines such as bis(trimethylsilyl)amine, bis(triethylsilyi)arnine, bis(triisopropylsilyl)amine, 
bis(dimethylethylsilyl)amine, bis(diethylmethylsilyl)amine, bis(dimethylphenylsilyl)amine, bis(dimethyltolylsilyl)amine, 
bis(dimethylmesitylsilyl)amine, N,N-dimethylaminotrimethylsilane, (diethylamino)trimethylsilane, N-(trimethytsilyl)imida- 

15 zole, etc.; polysilanols generally referred to as peralkylpolysiloxypolyols; silanols such as tris(trimethylsiloxy)silanol, 
etc.; silytamides such as N,0-bis(trimethylsilyl)acetamide, bis(trimethylsilyl)trifluoroacetamide, N-(trimethylsilyl)aceta- 
mide, bis(trimethylsilyl)urea, trimethylsilyldiphenylurea, etc.; linear siloxanes such as 1,3-dichlorotetramethyldisiloxane, 
etc.; cyclic siloxanes such as pentamethylcyclopentanesiloxane, etc.; tetraalkylsilanes such as dimethyldiphenyisilane, 
diethyldiphenylsilane, diisopropyldiphenylsilane, etc.; and trialkylsilanes such as trimethylsilane, triethylsilane, triisopro- 

20 pylsilane, tri-t-butylsilane, triphenylsilane, tritolylsilane, trimesitylsilane, methyldiphenylsilane, dinaphthylmethylsilane, 
bis(diphenyl)methylsilane, etc. Of those, preferred are organosilane compounds having at least one alkyl group directly 
bonded to the silicon atom. More preferred are aikylsilyl halides, and even more preferred are dialkylsilyl halides. One 
of those compounds maybe used for the component (C). As the case maybe, however, two or more of the compounds 
may be used, as combined in any desired manner. 

25 

(D) Organoaluminium compound: 

[0047] In the invention, (D) an organoaluminium compound and/or (E) an alkylating agent are/is used. 
[0048] Organoaluminium compounds forthe component (D) are not specifically defined. For example, preferred are 
30 alkyl group-having aluminium compounds of the following general formula (l-V): 

R 14 p AI(OR 15 ) q L3_ p _ q (l-V) 

wherein R 14 and R 15 each represent a hydrogen atom, or a hydrocarbon group having from 1 to 20, preferably from 1 
35 to 4 carbon atoms; L represents a halogen atom; 0 < p < 3, preferably p = 2 or 3, most preferably p = 3; 0 < q < 3, pref- 
erably q = 0 or 1 . 

[0049] Examples of the compounds are trialkylaluminiums such as trimethylaluminium, triethy (aluminium, tripropy- 
laluminium, triisobutylaluminium, tri-t-butylaluminium, etc.; halogen-, alkoxy- or hydroxyl-having alkyialuminiums such 
as dimethyialuminium chloride, diethylaluminium chloride, dimethylaluminium methoxide, diethylaluminium methoxide, 
40 dimethylaluminium hydroxide, diethylaluminium hydroxide, etc.; hydrogen-having alkyialuminiums such as dimethylalu- 
minium hydride, diisobutylaluminium hydride, etc. Of those, preferred are trialkylaluminiums, and more preferred are tri- 
methylaluminium and triisobutylaluminium. One or more of the organoaluminium compounds mentioned above may be 
used herein either singly or as combined. 

45 (E) Alkylating agent : 

[0050] In the invention, optionally used is an alkylating agent for the component (E). Various types of alkylating 
agents are usable herein. For example, they include alkyl group-having aluminium compounds of the above-mentioned 
general formula (I — V), alkyl group-having magnesium compounds of the following general formula (l-VI), and alkyl 
so group-having zinc compounds of the following general formula (l-Vli): 

R 16 2 Mg (l-VI) 

wherein R 16 's each represent a hydrocarbon group having from 1 to 20, preferably from 1 to 3 carbon atoms, and they 
55 may be the same or different, 

R 16 2 Zn (1-VH) 
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wherein n.is tie Seine meaning as above. 

[0051] Of iuw aikyi group-having compounds, preferred are alkyl group-having aluminium compounds, and more 
preferreo are tnni.vui.ummiums and dialkylaluminiums. Concretely, they include trialkylaluminiums such as tnmethyla- 
lumimurr tnef. v i.i:urt.,n,um. tn-n-propylaluminium, tri-n-butylaluminium, triisobutylaluminium, tri-t-butylaluminium, etc.; 
dialkylalummum nai.-jes such as dimethylaluminium chloride, diethylaluminium chloride, di-n-butylaluminium chloride, 
diisobutyiaiumn.um cn.cr.de. d.-t-butylaluminium chloride, etc.; dialkylaluminium alkoxides such as dimethylaluminium 
methoxioe a.rret'rv.aium.num ethoxide, etc.; dialkylaluminium hydrides such as dimethylaluminium hydride, diethylalu- 
minium hyar.ue OMSooutyiaiuminium hydride, etc. They further include dialkylmagnesiums such as dimethylmagne- 
sium d.ethytmagnes.um. d.-n-propylmagnesium, diisopropylmagnesium, dibutylmagnesium, etc.; and dialkylzincs such 
asdimeihy..-.nc a-ett^iz nc ethyl-n-propylzinc, diisopropylzinc, etc. Of these, alkyl group-having aluminium compounds 
of formula d V. w pe'erred for the component (E). More preferred are trialkylaluminiums. 

[0052] it* ...v t -..i, 0 ... one or more of the compounds mentioned above may be used, either singly or as combined, 
for the component 1 1 ! 

[0053] The ra-.o ot the components constituting the catalyst of the invention is not specifically defined. In case 
where the cor^onr-nt ,e. .s clay or a clay mineral, the blend ratio of the component (B) in terms of the hydroxyl group 
therein to moi of the tr 0 nsrt.on metal in the component (A) may fall generally between 0.1 and 1 00000 mols, but prefer- 
ably between 0 5 and idooo mob; that of the component (C) in terms of the silicon atom therein may fall generally 
between 0 i and 1 0OOO0 mots, but preferably between 0.5 and 10000 mols; and that of the organoalum.n.um com- 
pound of the compor-cn- ,c , ,„ terms of the aluminium atom therein may fall generally between 0.1 and 100000 mols, 
20 but preferably betw-^n o 6 and 1 0000 mols. In case where the component (B) is any other than clay or clay minerals, 
the blend ratio ot it*, component (A) in terms of the transition metal therein to gram of the component (B) preferably falls 
between 0 00001 and i g and that of the component (C) in terms of the silicon atom therein preferably falls between 
0 001 and 100 3 also preferably, the blend ratio of the component (E) in terms of the aluminium, magnesium or zinc 
atom therein fails Between i and 1 0000 mols. If the blend ratios of the constituent components oversteps the defined 
25 ranges, the polymen.-a! ton activity of the catalyst will be low. 

[0054] The rnDOe of preparing the polymerization catalyst is not specifically defined, and various methods are 
employable for preparing it 

[0055] For example .n case where the components (A), (B), (C) and (D) are used for preparing the catalyst, the 
component (A) and tie component (B) are first contacted with each other, and thereafter the component (C) and the 
30 component (D) are added thereto; or the component (A) is first contacted with the component (C) and the componen 
(D) and thereafter the comoonent (B) is added thereto; or the component (B) is first contacted with the component (C) 
and the component <D). and thereafter the component (A) is added thereto; or the four components are contacted with 
each other all at a time 

[0056] Of those, pre'erred is the method of first contacting the component (B) with the component (C) and the com- 

35 ponent (D) followed by adding the component (A) thereto. 

[0057] In case where the component (E) is used for preparing the catalyst, the order of adding the component (E) 
to the other components is not specifically defined. Irrespective of the presence or absence of the component (D), it is 
desirable that the constituent components are contacted with each other in any of the four methods mentioned above 
and thereafter the component (E) is added thereto and contacted with them in a polymerization system. In the invention, 

40 while or after the constituent components are contacted with each other, a polymer such as polyethylene, polypropylene 
or the like, or an inorganic oxide such as silica, alumina or the like may be present in the system or may be contacted 
with the components 

[0058] Contacting the components with each other may be effected in an inert gas such as nitrogen or the like, or 
in a hydrocarbon sucn a; pontane, hexane, heptane, toluene, xylene or the like. Contacting the components with each 
other or adding them to the poVmerization system may be effected at the polymerization temperature or even at a tem- 
perature falling between -30°C and the boiling point of the solvent used, but preferably between room temperature and 
the boiling point of the solvent. 



45 



50 



55 



[2] Method for producing olefin polymers: 

[0059] In the method for producing polyolefins in the invention, favorably used is the catalyst noted above for 
homopolymerization of olefins or for copolymerization of olefins with other olefins and/or other monomers (that is. copo- 
lymerization of different types of olefins, or copolymerization of olefins with other monomers, or copolymerization of dif- 
ferent types of olefins with other monomers). 

[0060] Olefins to be polymerized in the invention are not specifically defined, but preferred are w-olefins having from 
2 to 20 carbon atoms, u-olefins of that type include, for example, ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 
1-heptene 1-octene 1-nonene, 1-decene, 4-phenyl-1 -butene, 6-phenyl-1 -hexene, 3-methyl-1-butene, 4-methyl-1- 
butene, 3-methyl-1 -pentene. 4-methyl-1 -hexene, 5-methyl- 1-hexene, 3,3-dimethyl-1 -pentene, 3,4-dimethyl-1 -pentene, 
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4.4- dimethyl-l-pentene, vinylcyclohexane, etc. Other olefins include dienes such as 1 ,3-butadiene, 1 ,4-pentadiene, 

1 .5- hexadiene, etc.; halogen-substituted ct-olefins such as hexafluoropropene, tetrafluoroethylene, 2-fluoropropene, 
fluoroethylene, 1 ,1 -difluoroethylene, 3-fluoropropene, trifluoroethylene, 3,4-dichloro-1-butene, etc.; cyclic olefins such 
as cyclopentene, cyclohexene, norbornene, 5-methylnorbornene, 5-ethylnorbornene, 5-propylnorbornene, 5,6-dimeth- 

5 ylnorbornen , 5-benzylnorbornene, etc. Styrenic compounds usable herein include, for example, styrene; alkylstyrenes 
such as p-methylstyrene, p-ethylstyrene, p-propylstyrene, p-isopropylstyrene, p-butylstyrene, p-tert-butylstyrene, p- 
phenylstyrene, o-methylstyrene, o-ethylstyrene, o-propylstyrene, o-isopropylstyrene, m-methylstyrene, m-ethylstyrene, 
m-isopropylstyrene, m-butylstyrene, mesitylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene, 3,5-dimethylstyrene, 
etc.; alkoxystyrenes such as p-methoxystyrene, o-methoxystyrene, m-methoxystyrene, etc.; halogenostyrenes such as 

10 p-chlorostyrene, m-chlorostyrene, o-chlorostyrene, p-bromostyrene, m-bromostyrene, o-bromostyrene, p-fluorosty- 
rene, m-fluorostyrene, o-fluorostyrene, o-methyl-p-fluorostyrene, etc.; and also trimethylsilylstyrene, vinylbenzoates, 
divinyibenzene, etc. The other olefins to be copolymerized may be suitably selected from the olefins mentioned above. 
[0061] In the invention, one or more olefins such as those mentioned above may be homopolymerized or copolym- 
erized either singly or as combined. Where two or more different olefins are copolymerized, the olefins mentioned 

is above may be combined in any desired manner. 

[0062] In the invention, olefins such as those mentioned above may be copolymerized with any other comonomers. 
The comonomers include, for example, linear diolefins such as butadiene, isoprene, 1 ,4-pentadiene, 1 ,5-hexadiene, 
etc.; polycyclic olefins such as norbornene, 1 ,4,5,8-dimethano-1 } 2,3,4,4a,5,8,8a-octahydronaphthalene, 2-norbornene, 
etc.; cyclic diolefins such as norbornadiene, 5-ethylidenenorbornene, 5-vinylnorbornene, dicyclopentadiene, etc.; and 

20 unsaturated esters such as ethyl acrylate, methyl methacryiate, etc. 

[0063] Of olefins such as those mentioned above, ethylene is especially preferred in the invention. The method for 
polymerizing olefins is not specifically defined and may be any ordinary one including, for example, slurry polymeriza- 
tion, solution polymerization, vapor-phase polymerization, bulk polymerization, suspension polymerization, etc. 
[0064] A polymerization solvent may be used in the invention. It includes hydrocarbons and halogenohydrocarbons 

25 such as benzene, toluene, xylene, n-hexane, n-heptane, cyclohexane, methylene chloride, chloroform, 1,2-dichlo- 
roethane, chlorobenzene, etc. One or more of such solvents are usable either singly or as combined. Depending on 
their type, monomers to be polymerized may also serve as solvents. 

[0065] In view of the catalytic activity for polymerization and of the reactor efficiency, it is desirable that the amount 
of the catalyst to be in the polymerization system is so controlled that the amount of the component (A) could fall gen- 

30 erally between 0.5 and 1 00 umols, but preferably between 2 and 25 umols, in one liter of the solvent in the system. 
[0066] Regarding the polymerization condition, the pressure may fall generally between ordinary pressure and 
2000 kg/cm 2 G. The reaction temperature may fall generally between -50 and 250°C. For controlling the molecular 
weight of the polymers to be produced, the type and the amount of the catalytic components to be used and the polym- 
erization temperature will be suitably selected. If desired, hydrogen may be introduced into the polymerization system 

35 for that purpose. 

[0067] The invention is described in more detail with reference to the following Examples, which, however, are not 
intended to restrict the scope of the invention. 

[Example 1-1] 

40 

(1 ) Chemical treatment of clay mineral: 

[0068] 40 g of a commercial product of montmorillonite (Kunipia F from Kunimine Industry) was ground in a grinder 
for 4 hours. 20 g of the powdered montmorillonite was put into a four-neck flask having a capacity of 500 ml, and dis- 

45 persed in 1 00 ml of deionized water containing 20 g of magnesium chloride 6-hydrate dissolved therein. This was stirred 
at 90°C for 0.5 hours. After having been thus processed, the solid residue was washed with water. This treatment was 
repeated once again. Thus was obtained magnesium chloride-processed montmorillonite. This was dried, then dis- 
persed in 160 ml of an aqueous solution of 6 % HCl, and stirred under reflux for 2 hours. After having been thus proc- 
essed, this was washed with water through repeated filtration until the filtration wash became neutral, and then dried. 

so The product thus obtained is chemical-treated montmorillonite. 

(2) Contact treatment with silane compound and organoaluminium: 

[0069] 1 .0 g of the chemical-treated montmorillonite obtained in (1) (this had a water content of 15 % by weight - 
55 the water content is derived from the weight loss obtained by dewatering its sample under heat at 150°C for 1 hour, and 
the same shall apply hereunder) was put into a 300 ml Schienk tube, to which was added 25 ml of toluene. These were 
dispersed to prepare a slurry. To this was added 1.13 g (5.2 mmols) of phenethytmethylsilyl dichloride, and stirred at 
room temperature for 60 hours and then under heat at 100°C for 1 hour. This was cooled to room temperature, the 
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resulting supernatant was removed, and the solid residue was washed with 200 ml of toluene Next 12 5 mmols ol 
isobutyialuminium was added thereto, and then stirred at room temperature for 30 m, notes S <m«iW 
the solid residue was washed with 200 ml of toluene. Toluene was added to the resulting slurry to make a total volume 
o, 50 ml The c^y mineral solution thus obtained was analyzed through IPC, through which the triisobuty.a.um.nium- 
derived Al content of the clay mineral was found to be 1 .4 mmols (of Al atom)/g. 

(3) Polymerization of ethylene: 

[0070] An autoclave having a capacity of 1 .6 liters was fully dried and then purged with nitrogen. 400 ml of toluene 
having been dewatered at room temperature, 25 nmols of trimethylaluminium, 5 ml of the clay m.nera solution , hav.ng 
Jee pri aredT(2) (corresponding to 0.1 g of the day mineral, and having an Al content of 0.1 4 mmo.s) and £ umofc 
o"eir 0 ; complex 3 mentioned above (this is a transition m 

and) were put into the autoclave in that order. Ethylene was continuously introduced .nto the autoclave at25 C ; tol ave 
a pressure of 8 kg/cm*G therein, and polymerized for 30 minutes. Next, methanol was added to th.s 
er^at on The pofymer thus produced was taken out through filtration, and dried at 90°C under reduced pressure .for 12 
houre The po.ymcr thus obtained weighed 73.8 g. The polymerization activity of the cata.yst used here.n was 503 kg/g- 

[M7li The polymer had an intrinsic viscosity fo] of 3.94 dl/g measured in decalin at 135°C, and had a density of 
0.9332 g/cm 3 



20 



[Fxample I-?] 

(1 ) Chemical treatment of day mineral: 

25 [0072] Th»s is the same as in (1 ) in Example 1-1 . 

(2) Contact treatment with silane compound and organoaluminium: 
[0073] This is the same as in (2) in Example 1-1 . 

30 

(3) Polymerization of ethylene: 

[0074] This is the same as in Example 1-1 , except that triisobutylaluminium and f J rime ^ 
herein. The po^mer obtained weighed 68.1 g. (The polymerization activity of the cataly* "»^^^ r ^ 
35 [0075] -me polymer had an intrinsic viscosity [tfl of 8.95 dl/g measured in decai.n at 1 35°C, and had a densrty of 
0.9361 g/cm 3 

[Example I-3] 

40 (1 ) Chemical treatment of clay mineral: 

[0076] This is the same as in (1) in Example 1-1 . 

(2) Contact treatment with silane compound and organoaluminium: 
[0077] This is the same as in (2) in Example 1-1 . 

(3) Polymerization of ethylene: 

50 r0078] This is the same as in Example 1-1. In this, however, the iron complex [4] mentioned above and not[3] was 
SS find trimethylaluminium was not used. The polymer obtained weighed 70.2 g. (The po*mer,zat,on actmty of the 

SET " TeZ^**™ intrinsic viscosity M of 3.86 d,/g measured in decalin at 1 35»C, and had a density of 
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0.9342 g/cm 3 . 
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[Example I-4] 

(1) Chemical treatment of clay mineral: 

5 [0080] This is the same as in (1 ) in Example 1-1 . 

(2) Contact treatment with silane compound: 

[0081 ] This is the same as in (2) in Example 1-1 . In this, however, the clay mineral was not processed with triisobuty- 
io laluminium. 

(3) Polymerization of ethylene: 

[0082] An autoclave having a capacity of 1 .6 liters was fully dried and then purged with nitrogen. 400 ml of toluene 
15 having been dewatered at room temperature, 25 u^mols of trimethylaluminium, 5 ml of the clay mineral solution having 
been prepared in (2) (corresponding to 0.1 g of the clay mineral), and 5 juunols of the iron complex [3] mentioned above 
(this is a transition metal compound having a nitrogen -containing tridentate ligand) were put into the autoclave in that 
order. Ethylene was continuously introduced into the autoclave at 25°C to have a pressure of 8 kg/cm 2 G therein, and 
polymerized for 30 minutes. Next, methanol was added to this to stop the polymerization. The polymer thus produced 
20 was taken out through filtration, and dried at 90°C under reduced pressure for 12 hours. The polymer thus obtained 
weighed 62.5 g. The polymerization activity of the catalyst used herein was 426 kg/g-Fe • hr 

[0083] The polymer had an intrinsic viscosity [r[] of 4.53 dl/g measured in decalin at 135°C, and had a density of 
0.9368 g/cm 3 . 

25 [Example I-5] 

(1) Chemical treatment of clay mineral: 

[0084] This is the same as in (1) in Example 1-1. 

30 

(2) Contact treatment with silane compound: 
[0085] This is the same as in (2) in Example I-4. 

35 (3) Polymerization of ethylene: 

[0086] This is the same as in Example I-4, except that triisobutylaluminium and not trimethylaluminium was used 
herein. The polymer obtained weighed 65.8 g. (The polymerization activity of the catalyst used was 448 kg/g-Fe • hr.) 
[0087] The polymer had an intrinsic viscosity [t|] of 8.87 dl/g measured in decalin at 135°C, and had a density of 
40 0.9335 g/cm 3 . 

[Comparative Example 1-1] 

[0088] The same process as in Example 1-1 was repeated, except that 1 mmol of methylaluminoxane and not the 
45 clay mineral solution prepared in (2) in Example 1-1 was used as a promoter. The polymer obtained weighed 54.1 g. 
(The polymerization activity of the catalyst used was 369 kg/g-Fe • hr.) 

[0089] The polymer had an intrinsic viscosity [t|J of 3.6 dl/g, and a density of 0.9303 g/cm 3 . 
[Comparative Example I-2] 

50 

[0090] The same process as in Example 1-1 was repeated, except that 165 nmols of methylaluminoxane and not 
the clay mineral solution prepared in (2) in Example 1-1 was used as a promoter. The polymer obtained weighed 20.2 
g. (The polymerization activity of the catalyst used was 1 73 kg/g-Fe • hr.) 

[0091] The polymer had an intrinsic viscosity [r|l of 1 .23 dl/g, and a density of 0.9324 g/cm 3 . 

55 

[Second aspect of the invention] 

[0092] As so mentioned above, the catalyst for olefin polymerization of the second aspect of the invention (in this 
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section, the second aspect of the invention will be simply referred to as "the invention") comprises (A) a transition metal 
compound which has a nitrogen-containing tridentate ligand and of which the transition metal is of Groups 8 to 10 of 
the Periodic Table, (B) clay, a clay mineral or an ion-exchanging layered compound and (C) an organosilane compound. 
In the method for producing olefin polymers of the invention, the olefin polymerization catalyst is used for polymerizing 
olefins. 

[0093] The catalyst for olefin polymerization and the method for producing olefin polymers of the invention are 
described in detail hereinunder. 

[1] Catalyst for olefin polymerization: 

(1) Transition metal compound (A): 

[0094] The transition metal compound (A) for use in the invention, which has a nitrogen-containing tridentate ligand 
and of which the transition metal is of Groups 8 to 1 0 of the Periodic Table, is not specifically defined, but is preferably 
represented by the following general formula (ll-l): 



20 



25 



30 



R 2 



:NR 1 



X C=NR 4 
R 3 



wherein M represents a transition metal of Groups 8 to 1 0 of the Periodic Table; R , R , R and R each independently 
represent a hydrogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, or a cycloaromatic hydrocarbon 
group having from 7 to 20 carbon atoms in total; X and Y each independently represent a hydrogen atom, or a hydro- 
carbon group having from 1 to 20 carbon atoms; Z represents a nitrogen-containing functional group. 
35 [0095] M represents a transition metal of Groups 8 to 1 0 of the Periodic Table, concretely including Fe, Co, Ni, Ru, 
Rh, Pd, Os, Ir and Pt. Of these, preferred is Fe or Co. 

[0096] R 1 R 2 R 3 and R 4 each independently represent a hydrogen atom, a hydrocarbon group having from 1 to 20 
carbon atoms,' or a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total. The hydrocarbon group 
having from 1 to 20 carbon atoms includes a linear hydrocarbon group having from 1 to 20 carbon atoms, a branched 
40 hydrocarbon group having from 3 to 20 carbon atoms, and a cycloaliphatic hydrocarbon group having from 3 to 20 car- 
bon atoms. Concretely, it includes a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl 
group an isobutyl group, a sec-butyl group, a t-butyl group, a pentyl group, a hexyl group, an octyl group, a decyl group, 
a tetradecyl group, a hexadecyl group, an octadecyl group, a cyclopentyl group, a cyclohexyl group, a cyclooctyl group, 



etc 

[0097] X and Y each indicate a hydrogen atom, or a hydrocarbon group having from 1 to 20 carbon atoms. The 
hydrocarbon group having from 1 to 20 carbon atoms may be the same as that mentioned hereinabove. For this, pre- 
ferred is a methyl group. X and Y may be the same or different. 

[0098] Z is a nitrogen-containing functional group. Preferably, it is represented by the following general formula (ll- 
II): 



45 



50 
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(II-II) 



75 wherein R 5 and R 6 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, or 
a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total; n represents 0 or a natural number. 
[0099] The aliphatic hydrocarbon group having from 1 to 20 carbon atoms and the cycloaromatic hydrocarbon 
group having from 7 to 20 carbon atoms in total for R 5 and R 6 may be the same as the hydrocarbon group having from 
1 to 20 carbon atoms and the cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total mentioned 

20 hereinabove for R 1 , R 2 , R 3 and R 4 . n indicates 0 or a natural number, but is preferably any of 0, 1 , 2 or 3. 
[0100] Specific examples of the nitrogen-containing functional groups of formula (ll-ll) are 



25 



30 



35 



40 





etc. 

[0101] For Z, also preferred is a nitrogen -containing functional group of the following general formula (ll-MI): 



( tf&r- 

9 R— N (ii-iiD 

( *V- 



wherein R 7 , R 8 and R 9 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, 
or a cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total, and these may be bonded to each 
55 other to form a ring; n represents 0 or a natural number. 

[0102] The aliphatic hydrocarbon group having from 1 to 20 carbon atoms and the cycloaromatic hydrocarbon 
group having from 7 to 20 carbon atoms in total for R 7 R 8 and R 9 may be the same as the hydrocarbon group having 
from 1 to 20 carbon atoms and the cycloaromatic hydrocarbon group having from 7 to 20 carbon atoms in total men- 



's 
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tioned hereinabove for R 1 , R 2 , R 3 and R 4 n indicates 0 or a natural number, but is preferably any of 0, 1, 2 or 3. 

[0103] R 7 , R 8 and R 9 may be bonded to each other to form a ring. 

[0104] Specific examples of the nitrogen-containing functional groups of formula (ll-IH) are 



w 



/ Vn 



/ 

\ 



C Ho C H 2 



CH,-CH: 



15 



20 



CH 2 " 



CH 2 - 



25 etc. 



[0105] For Z, especially preferred is the nitrogen-containing functional group of formula (ll-ll) having a pyridine skel- 

[0106] One preferred embodiment of the transition metal compound of formula (IN) is represented by the following 
general formula: 



30 



35 



40 




(ii-rvo 
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50 



wherein M represents Fe or Co; X and Y each independently represent a hydrogen atom, or a hydrocarbon group hav- 
SST 1 S^amprof the transition meta, compound of that type are the following compounds [3, to [11,. 
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[0108] In the invention, one or more of the transition metal compounds mentioned above may be used, either singly 
or as combined, for the component (A). 
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(B) Component (B): 

[0109] For the component (B), used is any of clay, clay minerals or ion-exchanging layered compounds. For their 
details and examples, referred to is the description relating to them in the section of the first aspect of the invention men- 
5 tioned above. All those mentioned in the first section shall apply also to this section. 

(C) Organositane compound: 

[0110] In the invention, used is an organosilane compound for the component (C). For its details and examples, 
w referred to is the description relating to it in the section of the first aspect of the invention mentioned above. All those 
mentioned in the first section shall apply also to this section. 

(D) Organoaluminium compound: 

15 [0111] In the invention, optionally used is the organoaluminium compound (D). For its details and examples, 
referred to is the description relating to it in the section of the first aspect of the invention mentioned above. All those 
mentioned in the first section shall apply also to this section. In view of its polymerization activity, the catalyst preferably 
contains the component (D). 

[0112] The ratio of the components constituting the catalyst of the invention is not specifically defined. In case 
20 where the component (B) is clay or a clay mineral, the blend ratio of the component (B) in terms of the hydroxyl group 
therein to mol of the transition metal in the component (A) may fall generally between 0.1 and 100000 mols, but prefer- 
ably between 0.5 and 10000 mols; that of the component (C) in terms of the silicon atom therein may fall generally 
between 0.1 and 100000 mols, but preferably between 0.5 and 10000 mols; and that of the organoaluminium com- 
pound of the component (D) in terms of the aluminium atom therein may fall generally between 0.1 and 100000 mols, 
but preferably between 0.5 and 1 0000 mols. In case where the component (B) is any other than clay or clay minerals, 
the blend ratio of the component (A) in terms of the transition metal therein to gram of the component (B) preferably falls 
between 0.00001 and 1 g; and that of the component (C) in terms of the silicon atom therein preferably falls between 
0.001 and 100g. Also preferably, the blend ratio of the component (D) in terms of the aluminium atom therein falls 
between 1 and 1 0000 mols. 

30 [0113] The mode of preparing the polymerization catalyst is not specifically defined, and various methods are 
employable for preparing it. 

[0114] For example, the component (A) and the component (B) are first contacted with each other, and thereafter 
the component (C) is added thereto; or the component (A) is first contacted with the component (C), and thereafter the 
component (B) is added thereto; or the component (B) is first contacted with the component (C), and thereafter the com- 

35 ponent (A) is added thereto; or the three components are contacted with each other all at a time. Of those, preferred is 
the method of first contacting the component (B) with the component (C) followed by adding the component (A) thereto. 
[0115] In case where the component (D) is used for preparing the catalyst, it may be contacted with the other com- 
ponents in any desired order with no limitation in the four methods mentioned above. It may be present in the system 
in the first stage of reaction, or may be added to the system after the other components have been contacted with each 

40 other. 

[0116] In the invention, while or after the catalytic components are contacted with each other, a polymer such as 
polyethylene, polypropylene or the like, or a solid inorganic oxide such as silica, alumina or the like may be present in 
the system or may be contacted with the components. Contacting the components with each other may be effected in 
an inert gas such as nitrogen or the like, or in a hydrocarbon such as pentane, hexane, heptane, toluene, xylene or the 
like Contacting the components with each other or adding them to the polymerization system may be effected at the 
polymerization temperature or even at a temperature falling between -30°C and the boiling point of the solvent used, 
but preferably between room temperature and the boiling point of the solvent. 
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[2] Method for producing olefin polymers: 

[0117] The method for producing olefin polymers of the invention is characterized by homopolymerizing or copoly- 
m rizing olefins in the presence of the catalyst that comprises the component (A), a transition metal compound, the 
component (B), any of clay, clay minerals or ion-exchanging layered compound, and the component (C), an organosi- 
lane compound. 

[0118] In the method for producing poiyolefins in the invention, favorably used is the catalyst noted above for 
homopolymerization of olefins or for copolymerization of olefins with other olefins and/or other monomers (that is, copo- 
lymerization of different types of olefins, or copolymerization of olefins with other monomers, or copolymerization of dif- 
ferent types of olefins with other monomers). 
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[01 19] Okvfsns to be polymerized in the invention are not specifically defined. For their examples, referred to is the 
description mating to trem in the first aspect of the invention mentioned above. All those mentioned in the first section 
shall appiy atiO to tnis section. 

[0120] •* !-*•.- nvuntion. one or more olefins such as those mentioned above may be homopolymerized or copolym- 
5 erizea ettn*?r mi^v or as combined. Where two or more different olefins are co polymerized, the olefins mentioned 
above rrav t><*- comomed tn any desired manner. 

[0121 J r. the invention, olefins such as those mentioned above may be copolymerized with any other comonomers. 
For tne corr>ononters. ail those concretely mentioned in the first aspect of the invention shall apply also to this section. 
[0122] J* oittms such as those mentioned above, ethylene is especially preferred in the invention. The method for 

w polymer zing defms is not specifically defined and may be any ordinary one including, for example, slurry polymeriza- 
tion, solder, porynenzation, vapor-phase polymerization, bulk polymerization, suspension polymerization, etc. 
[0123] A pu*y*ne- nation solvent may be used in the invention. It includes hydrocarbons and halogenohydrocarbons 
such as bm:cn«. toluene, xylene, n-hexane, n-heptane, cyciohexane, methylene chloride, chloroform, 1,2-dichlo- 
roethane. cn*orofcen/ene. etc. One or more of such solvents are usable either singly or as combined. Depending on 

75 their type, nonomer? to be polymerized may also serve as solvents. 

[0124] n vk.-* of tnc cato lytic activity for polymerization and of the reactor efficiency, it is desirable that the amount 
of the cataryr,! to rx n tr>c ooiymerization system is so controlled that the amount of the component (A) could fall gen- 
erally between c *> and 1 00 m^oIs. but preferably between 2 and 25 fimols, in one liter of the solvent in the system. 
[0125] Re9»f*ng tne ooiymerization condition, the pressure may fall generally between ordinary pressure and 

20 2000 kg/cnvG Tn* reaction temperature may fall generally between -50 and 250°C. For controlling the molecular 
weight of the p^.y-rw?; to h* produced, the type and the amount of the catalytic components to be used and the polym- 
erization te-np^rntiire wt\\ be suitably selected. If desired, hydrogen may be introduced into the polymerization system 
for that purpose 

[0126] The m/ertton is described in more detail with reference to the following Examples, which, however, are not 
25 intended to restrict me scooe of the invention. 

[Example II- 1 J 

(1) Chemical treatment of clay mineral: 

30 

[0127] 40 g o* a commercial product of montmorillonite (Kunipia F from Kunimine Industry) was ground in a grinder 
for 4 hours. 2C g of me powdered montmorillonite was put into a four-neck flask having a capacity of 500 ml, and dis- 
persed in 1 00 ml ot deiomzed water containing 20 g of magnesium chloride 6-hydrate dissolved therein. This was stirred 
at 90°C for 0.5 hcurs After having been thus processed, the solid residue was washed with water. This treatment was 
35 repeated once again Thus was obtained magnesium chloride-processed montmorillonite. This was dried, then dis- 
persed in 1 60 ml ot an aqueous solution of 6 % HCI, and stirred under reflux for 2 hours. After having been thus proc- 
essed, this was washeo with water through repeated filtration until the filtration wash became neutral, and then dried. 
The product thus obtained is chemical-treated montmorillonite. 

40 (2) Contact treatment of clay mineral with organosilane compound: 

[0128] 1.0 g of the chemical-treated montmorillonite obtained in (1) (this had a water content of 15 % by weight - 
the water content is denved from the weight loss obtained by dewatering its sample under heat at 150°Cfor 1 hour) was 
put into a 300 ml Schlcnk tube, to which was added 25 ml of toluene. These were dispersed to prepare a slurry. To this 
45 was added 1 .13 g (5.2 mmols) of phenethytmethylsilyl dichloride, and stirred at room temperature for 60 hours and then 
under heat at 10C C tor 1 hour. This was cooled to room temperature, the resulting supernatant was removed, and the 
^solid residue was washed with 200 ml of toluene. Toluene was added to the resulting slurry to make a total volume of 
50 ml. Thus was obtained a solution of the clay mineral. 

50 (3) Polymerization of ethylene: 

[0129] An autoclave having a capacity of 1 .6 liters was fully dried and then purged with nitrogen. 400 ml of toluene 
having been dewatered at room temperature, 5 ml of the clay mineral solution having been prepared in (2) (correspond- 
ing to 0.1 g of the clay mineral), and 5 ^tmols of the compound [3] mentioned above (this is a compound of a transition 
55 metal of Groups 8 to 1 0 of the Periodic Table, having a nitrogen -containing tridentate ligand) were put into the autoclave 
in that order. Ethylene was continuously introduced into the autoclave at 25°C to have a pressure of 8 kg/cm 2 G therein, 
and polymerized (or 30 minutes. Next, methanol was added to this to stop the polymerization. The polymer thus pro- 
duced was taken out through filtration, and dried at 90°C under reduced pressure for 12 hours. The polymer thus 
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obtained weighed 62.2 g. The polymerization activity of the catalyst used herein was 423 kg/g-Fe • hr. 
[01301 The polymer had an intrinsic viscosity ft] of 4.2 dl/g measured in decalin at 135°C, and had a density of 
0.9351 g/cm 3 This was granular, having a bulk density of 0.35 g/cm 3 The reactor used for polymerization was checked, 
and no deposit adhered to its wall. 

5 

[Comparative Example II- T 3 

[01311 The same process as in Example 11-1 was repeated, except that 1 mmol of methylaluminoxane and not the 
day mineral solution prepared in (2) was used as a promoter. The polymer obtained weighed 54.1 g. (The polymer.za- 

w tion activity of the catalyst used was 369 kg/g-Fe • hr.) 

[0132] The polymer had an intrinsic viscosity [y] of 3.6 dl/g, and a density of 0.9303 g/cm 3 . Th.s was bulky and 
amorphous. The reactor used for polymerization was checked, and some deposit adhered to its wall. 
[0133] From the above, it is understood that the polymerization activity of the catalyst of the invent™, though not 
containing an expensive aluminoxane or organoaluminium but containing a clay mineral, is comparable to or higher 

,5 than that of conventional catalysts. In addition, it is understood that, in the method where the catalyst of the .nvention .s 
used, no deposit adheres to the reactor wall and the polymer produced has good powder morphology. 

IMP! IRTRIAI APPLICABILITY 

20 T01341 Comprising a transition metal compound which has a nitrogen-containing tridentate ligand and of which the 
transition metal is of Groups 8 to 1 0 of the Periodic Table, any of clay, a clay mineral or an ion-exchanging layered com- 
pound and an organosilane compound, and optionally containing an organoaluminium compound and others, the cat- 
alyst of the invention has high activity. In the method of using the catalyst for producing polyolefins. no depostt adheres 
to the reactor wall and the polyolefins produced have good powder morphology. The invention realizes effic.ent produc- 

25 tion of polyolefins (especially polyethylene) on an industrial scale. 

Claims 

1 . A catalyst for olefin polymerization, comprising (A) a transition metal compound of the following general formula > (I- 
I) which has a nitrogen-containing tridentate ligand and of which the transition metal is of Groups 8 to 10 of the 
Periodic Table, (B) clay, a clay mineral or an ion-exchanging layered compound, (C) an organosilane compound, 
(D) an organoaluminium_compound and/or (E) an alkylating agent: 



30 



R 2 




50 



55 



wherein M represents a transition metal of Groups 8to 10 of the Periodic Table; R , R , R 3 and R each independ- 
ently represent a hydrogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, or a cycloaromatic hydro- 
carbon group having from 7 to 20 carbon atoms in total; X represents a halogen atom; Y represents a hydrogen 
atom, a halogen atom, or a hydrocarbon group having from 1 to 20 carbon atoms; Z represents a nitrogen-contain- 
ing functional group. 

The catalyst for olefin polymerization as claimed in claim 1 , in which Z in formula (l-l) is represented by the following 
general formula (l-ll): 
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10 




<I-II> 



r 5 wherein R 5 and R 6 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon 

atoms, or a cyclo aromatic hydrocarbon group having from 7 to 20 carbon atoms in total; n represents 0 or a natural 
number. 

3. The catalyst for olefin polymerization as claimed in claim 1, in which Z in formula (l-l) is represented by the following 
20 general formula (Mil): 



25 

9 



30 



R — N <i-iii) 

( 



wherein R 7 , R 8 and R 9 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon 
35 atoms, or a cycioaromatic hydrocarbon group having from 7 to 20 carbon atoms in total, and these may be bonded 
to each otherto form a ring; n represents 0 or a natural number. 

4. The catalyst for olefin polymerization of as claimed in any of claims 1 to 3, in which the transition metal of Groups - 
8 to 1 0 of the Periodic Table is iron or cobalt. 

40 

5. The catalyst for olefin polymerization as claimed in any of claims 1 to 4, in which (C) is an organosilane compound 
having at least one alky I group directly bonded to the silicon atom. 

6. The catalyst for olefin polymerization as claimed in any of claims 1 to 5, in which (E) is a trialkylaluminium com* 
45 pound. 

7. A catalyst for olefin polymerization, comprising (A) a transition metal compound which has a nitrogen-containing 
tridentate ligand and of which the transition metal is of Groups 8 to 1 0 of the Periodic Table, (B) clay, a clay mineral 
or an ion-exchanging layered compound and (C) an organosilane compound. 

50 

8. The catalyst for olefin polymerization as claimed in claim 7, in which the transition metal compound (A) is repre- 
sented by the following general formula (ll-l) 
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whereir M r^.^nt* a transition metal of Groups Bto 10 of the Periodic Table; R 1 , R , R 3 and R each independ- 
ently represent a hydrogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, or a cycloaromabc hydro- 
carbon group hav.ng from 7 to 20 carbon atoms in total; X and Y each independently represent a hydrogen atom, 
or a hydrocan.or group having from 1 to 20 carbon atoms; Z represents a nitrogen-containing functional group. 

The catalyst tor r ,w*n polymerization as claimed in claim 8, in which Z in formula (ll-l) is represented by the follow- 
ing general formula <n- : l>: 



Q 

(r 6 c) 



(II-II) 

A 
< 



wherein R s and R b each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon 
atoms, or a cycioarcmatic hydrocarbon group having from 7 to 20 carbon atoms in total; n represents 0 or a natural 
number. 

10. The catalyst for olef.n polymerization as claimed in claim 8, in which Z in formula (ll-l) is represented by the follow- 
ing general formula (ll-lll): 
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( R 7 P)t- 

/ (II-IID 
9 R — N 

wherein R 7 R 8 and R 9 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon 
atoms, or a cycioarcmatic hydrocarbon group having from 7 to 20 carbon atoms in total, and these may be bonded 
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to each otnerto form a ring; n represents 0 or a natural number. 

11. The catalyst for olefin polymerization as claimed in any of claims 7 to 10, in which the transition metal of Groups 8 
to 10 of the Periodic Table is iron or cobalt. 

5 

12. The catalyst for olefin polymerization as claimed in any of claims 1 to 11, in which (B) is a phyllosilicate. 

13. The catalyst for olefin polymerization as claimed in any of claims 1 to 11, in which (B) is montmorillonite. 

10 14. A method for producing olefin polymers, which comprises polymerizing olefins in the presence of the catalyst for 
olefin polymerization of any of claims 1 to 13. 

15. The method for producing olefin polymers as claimed in claim 14, in which the olefin is ethylene. 

15 
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